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Abstract 
This study is to produce environmentally- friendly composite and know the potential and characterize the composite foam mycelia (root 
of mushroom) that use rice husk and wheat grain. Through this study, composite specimen of the foam using rice husk and wheat grain as 
reinforcement and mycelia (root of mycelium) as a matrix. Percentage impact on the physical properties of rice husk, microstructure and 
porosity were having been studied. There are three of specimen and different percentage: 50%RH 50%WS, 70% RH 30% WS and 30% 
RH 70% WS. This study was to determine whether the nature of the potential matrix of mycelia (root of mushroom) to replace the main 
source for the production of polystyrene. Rate of the density of the three specimens show a small different density. Based on the test of 
microscope scanning electron (SEM) on the three samples of each composition is percentage in each of the different sample. From this 
observation the percentage of element carbon found the highest of the three samples compared to other elements. After testing microscope 
scanning electron (SEM), apparent porosity tests on mycelia (root of mushroom) has been calculation. Each of specimens gets the average 
apparent porosity 66%, 55% and 58.7%. 
© 2013 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
The world has changed significantly since mankind realizes that they must save the world. The authors explore that 
every day, mankind was expressively about the damage that packaging; especially plastic packaging is doing to our 
environment [1]. 
Styrofoam, also known as polystyrene is a thermoplastic substance that normally exists in solid state at room 
temperature but melt if heat and become solid again when cool off. Styrofoam had multiple usages mainly as molded 
packaging material especially for cushioning fragile material and electronic equipment. It is not easy to recycle because it 
lightweight and low scraps value. It is more economical to made new one rather than recycle it. Styrofoam becomes waste 
of factory such as electronic component that used Styrofoam as mold packaging. Never the less it is useful, Styrofoam are 
hazards to the environment [1]. 
While in this time, packaging is important for the industry of packaging which has much function. Protection is the most 
basic function of packaging. A package is expected to protect the product from the environment during its travel from point 
and time of manufacture to point and time of use [2]. To make the revolution of protection packaging, the author is 
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developing a line of environmentally friendly packaging material made from mushrooms and agricultural by products. To
developing a new, less energy- intensive method to sterilize their agricultural waste starter material a necessary step for
enabling the mushroom fibers to grow. Several recent review articles have been publish since year 2000 in different material
and polymers science journals, devoted to the preparation, processing and properties of bio-composites for a wide range of 
application, even social and economic issues. This reviews offer an excellent perspective on the state of the art of polymeric 
based bio-composites material science and technology research. The different families of polymeric bio-based matrixes and 
natural lignocelluloses reinforcement, their preparation and modification route, their properties and their tailored application
in biomedical, packaging or structural application [3-6]. Sustainable bio-composites should thus satisfy several requirements
[3]: i.) Renewable and/or recycle resources should be utilize for their manufacture. ii.) The extraction, synthesis,
modification and processing operations should be benign, energy and cost-effectiveness. iii.) No hazardous environmental 
or toxicological effects should arise during any stage of their life cycle by emissions of degradation compounds, additives or 
fillers. iv.) The waste management option (recycling composting and incineration) should be effectively considered and 
implemented to guarantee the return of the material and energetic value of the bio-composite back to the cycles.
From the previous study, the authors can summaries that, since today natural fiber still have innovating and 
improvement. This is can see from several article or journal such as PLA Based biopolymer Reinforced with Natural fiber: 
A Review, Natural fibers: Can they replace glass in fiber reinforced plastics, Mechanical behavior of high impact
polystyrene reinforced with short sisal fibers and etc that the authors has been study. Mankind realizes that natural fiber can
offer great potential to replace the petroleum based. Besides that, it is lower cost fiber, highly available and many feeds
stock.
2. Methodology
In this case, study going according to model via preparation of sample. Then sample was carried out for laboratory test.
2.1. Sample Preparation 
Firstly, the mixture of rice husk and wheat grain are being prepared and filling in the polypropylene container and close
it for ready to set in autoclave to sterilize the mixture in high pressure saturated steam at 121 °C for around 15 20 minutes
depending on the size of the load and the contents as shown in Table 1. After that, leave the sample about 24 hours and 
ready to put the mycelium (root of mushroom) in polypropylene container.
While, the samples need about 3 week to fully develop in the container. After that, to stop the mushroom fiber
(mycelium) growing, the sample must be heated in drying machine at 50°C until 46 hour.
Table 1. Percentage of Weight Mixture For Rice Husk And Wheat Grain
2.2. Laboratory Test 
There are three test have been done. First, density test (ASTM D-792) is to determine the value of density for every 
sample. Different materials usually have different densities, so density is an important concept regarding buoyancy, metal
purity and packaging. Second was apparent porosity. Where the formula to got the percentage of apparent porosity is:
Ww = The specimen in dry condition
Ws = The sample weight suspended in water
Sample % of weight mixture
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Ww = The specimen weight in wet condition
Third is the scanning electron microscope (SEM) JEOL JSM- 630LA testing. Testing was to known the particle of 
mycelium molecule and the composition of the each specimen.
3. Result and Discussion
There are physical test such as density test, apparent porosity and microstructure test have been done to the each
specimen.
3.1. Density test 
From the Fig. 1, comparison graph the average density versus composition rice husk and wheat grain it shown that each
specimen have different density. The specimen 30%RH 70% WG have the higher density compare to the specimen 70%RH
30% WG is the lower density. This is because, the specimen 70%RH 30%WG is contained more rice husk is more light or
float.
Fig. 1. Comparison graph the average density Vs composition rice husk and wheat grain.
3.2. Microstructure testing 
In Fig. 2 specimen 50% RH 50%WG shown that element carbon (C) Kalium (K) is 79.30% mass more higher than others
. Zirconium (Zr) is 11.26 %, Kalium (K) kalium  (K) is 2.24%, Sulfur (S) Kalium (K) is 0.98%, Klorin (Cl) Kalium (K) is
0.34%.
Fig. 2. Graph mass (%) versus Element of specimen 50% RH 50% WG.
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Based on Fig. 3, graph mass(%) versus element of specimen 70%RH 30%WG  given the element of Carbon (C) Kalium 
(K) get higher mass percentage 67.14%. Meanwhile, other element  Sulfur (S) Kalium (K) get 0.98% of mass, Kalium (K)
kalium get 2.24% of mass, (K) Klorin (Cl) Kalium (K) get 0.34% of mass and  Zirconium (Zr) get 11.26% of mass.
Fig. 3. Graph mass (%) versus Element of specimen 70% RH 30% W.
Fig. 4. Graph mass (%) versus Element of specimen 30% RH 70% WG.
From Fig. 4, graph mass (%) versus element of specimen 30% RH 70% WS Carbon (C) Kalium (K) have 73.92%, Kalium
(K) kalium  (K) 2.70% , Zirconium (Zr) 16.90%.
As the result that have been collect, it can be clarify that carbon source provide for both structure and energy 
requirement of the mycelium cell. The carbon source most commonly provided for growth of mycelium. It also should be
point out that carbon compound utilized by fungi in their nutrition also provide the energy that is required for the mycelium
to perform its life activities.
3.3. Apparent porositys
This calculation was determining the porosity of each specimen. As shown in table 2 the percentage apparent porosity of 
each specimen. Specimen A is shown the best porosity as the result 66%. While, the specimen B and C has slightly different 
the average of apparent porosity compare to the specimen A.
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a) Based on the finding, it can be conclude that the objective  of this study was successful able to prepare and 
characterize the foam composites mycelium (root of mushroom) with the mixture of rice husk and wheat grain followed with 
different percentage that was has been fixed. Percentage of rice husk and wheat seed which has been fixed are 50%RH 50% 
WG, 70%RH 30% WG and 30% RH 70% WG. Meanwhile, in this study, mycelium (root of mushroom) acts as a matrix 
while rice husk and wheat grain as reinforcement. 
b) The objectives for this research were to determine the potential of mycelium (root of mushroom), properties and 
characteristic of mixture between rice husk and wheat grain. Develop the 100% nature cycle for insulative packaging an 
approach that cuts down on resource and energy along way. 
c) For the physical tests, density test were conducted. Based on density test, it can be concluding that the addition of rice 
husk and wheat seed are give the slightly different of changes of density for each specimen. 
d) Hence, for the microscope scanning electron testing also has been done for observe and to know the structure and 
composition of each specimen. Based on the test, the authors want to observe the potential of mycelium (root of mushroom) 
to replace the renewable source to produce the polystyrene foam. As a result, the mycelium ( root of mushroom) have high 
potential because it can produce 100% biodegrable, mycelium is non-toxic, ten time less carbon dioxide ( CO2) and about 
eight time less energy. 
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Specimen  
Apparent porosity, P (%) 
The average of 
apparent 
porosity (%) 
A (-1.6542)/(-
2.9565)×100=56
% 
(-0.7609)/(-
1.3023)×100=57
% 
(-1.1463)/(-
1.3374)×100=86% 
66% 
B (-2.3278)/(-
4.1834)×100=56
% 
(-2.0806)/(-
3.7923)×100=55
% 
(-2.2136)/(-
4.0861)×100=54% 
55% 
C (-3.4274)/(-
5.8564)×100=59
% 
(-2.1746)/(-
3.8049)×100=57
% 
(-1.5759)/(-
2.6106)×100=58.7
% 
58.7% 
